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Abstract— This paper briefly described land evaluation of 
shrimp pond development in Mahakam Delta, discusses its 
ecological and socio-economic impacts and recommends 
measures to achieve long term sustainability using Geographic 
Information System (GIS). The objectives of this research were 
to know land suitability for brackish water aquaculture and 
optimal utilazation based on land suitability level. This research 
was conducted at Mahakam Delta, Kutai Kartanegara Regency; 
East Kalimantan. Surveys have been done collected primary 
data, while secondary data was obtained from related institution 
and needed maps for GIS analysis, with overlying map and 
primary data in each station observation with considering and 
assessment scale value of determining land suitability for 
brackish water pond using AHP method. The result of GIS 
analysis had been obtained the land suitability at Mahakam 
Delta, area of highly suitable for shrimp pond was 1,185 ha (3 
%), suitable was 32,137 ha (82 %), and not suitable was 5,905 ha 
(15 %) of 39,226 ha total land area that was studied. It can be 
concluded the sites with generality were suitable based on 
potential for pond construction, water availability, and water 
quality but not suitable with soil quality and infrastructure 
facilities. 
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I. INTRODUCTION 
 
Mangrove ecosystems are extremely sensitive and 
vulnerable. This is evident from the condition of the mangrove 
ecosystem in Indonesia today has a lot of damage. The 
destruction of mangrove ecosystems occur because of the 
influence of natural and human factors [1]. The human factor 
is a major factor, especially the conversion of mangrove 
forests into shrimp ponds. In the Mahakam Delta, the 
conversion of mangrove forests into shrimp ponds in 1992 
recorded only 2,800 ha, but it increased to become 13,000 ha 
in 1998 [2]. In 1980, Nypa zone reached broad area of 58,061 
ha and in 1999 only about 11,037 ha  [3]. The fastest rate of 
conversion occurred between 1996 - 2000 [4] during the 
monetary crisis that hit Indonesia when the price of shrimp 
highly increased due to weakening rupiah to US dollar so that 
the farmers got a profit very high. The area of pond was 
recorded 75,311 ha in 2009 [5].  
Shrimp farming in the Mahakam delta has lasted more and 
less 25 years and now has experienced a significant decline in 
production thus making many farmers suffered losses. To 
increase the production of shrimp ponds, it is necessary to 
evaluate the suitability of ponds for the present to be a basic 
consideration in the decision to appropriate land management 
for sustainable shrimp farming. Land suitability evaluation is 
very important because the land has the physical, social, 
economic, and varied geography [6]. Varying nature of the 
land may affect the use of land. Therefore many variables are 
involved while selecting a suitable site in this study. The 
objective of this study was to evaluate of land suitability for 
shrimp pond  in the Mahakam Delta using GIS techniques.  
 
II. MATERIALS and METHODS 
A. Study Area 
The Mahakam Delta is located on the east coast of the island 
of Borneo in position 117 0 15 '- 117 0 40' east longitude and 
0 0 21 '- 1 0 10' south latitude. Administratively located in the 
Kutai Kartanegara  regency. The Mahakam Delta consists of 
46 small islands [7]. It is divided to 5 (five) subdistricts. 
Those subdistricts above are Samboja, Muara Jawa, Sanga-
Sanga, Muara Badak and Anggana. Covering an area of 
110,000 ha.  
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B. Weight and Score 
Suitability ratings were established according to FAO 
classification [8] and other references  [9-11] on the 
appropriateness of land for defined uses. The range of land 
characteristics was divided into three classes: (i) Highly 
suitable (HS = 3), (ii) Suitable (S=2) and (iii) Not Suitable 
(NS=1) on the basis of requirement for shrimp pond. There 
are many factors to select the suitable area for shrimp pond. 
The present study focused on some basic factors such as soil 
quality, water quality, infrastructure and socio-economic, 
potential for pond construction and water availability. Weight 
has been given according to the ording to the level of  a score 
according to the level of suitability (Table 1).  
The weight for each factor  was determined by pair-wise 
comparisons in the context of a decision-making process 
known as the analytical hierarchy process [12]. The suitability 
rating for each level of a factor was determined from and 
expert opinions   
Suitability  scores were calculated using the following 
equation: 
𝑆𝑢𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 = (𝑤1 𝑟1 +  𝑤2𝑟2 +  …  +  𝑤𝑛  𝑟𝑛  ) 𝑛 × 100 ൗ  
were wn and rn are weight and rating scores for each factor, 
respectively [10]. 
 
 
 
 
 
 
 
 
 
 
 
III. Results and Discussion 
A. Results 
 
The classified areas for five land requisites containing 11 
land characteristics are summarized in Fig. 1. The highly 
suitable areas not founded for shrimp pond are recognized as 
those with soil of good quality (pH soil : 6 – 8 and no pyrite). 
Total land area with water of good quality which is salinity 
(15 – 20 ppt), and well-oxygenated (4 – 7 mg/l) approximately 
27 % is highly suitable for shrimp pond. In terms of water 
availability almost 72% of total shrimp pond area is suitable 
for shrimp farming. The most suitable areas with regard to 
topography are found 23 % of the land area along the coastal 
embankment with low slope (0 – 2 %) and elevation of less 
than 2.5 m with appropriate with access to water. 
Infrastructure and socio-economic factors  such as 
availability of sources of shrimp fry and easily accessible 
well-established marketing facilities of shrimp farming  
development in the study area, approximately 100% of the 
total area were classified as not suitable for shrimp farming 
(table 2). 
 
 
 
 
 
 
 
 
Criteria References Class 
Highly Suitable 
(1HS) 
Suitable (2S) Not Suitable 
(3NS) 
Score 
3 2 1 
soil texture (% clay) [8] > 35 18 – 35 < 18 
soil pH [8] 6 - 8 4-6, 8-9 > 9 ; < 4 
salinity(ppt) [9] 15 - 20 > 20 – 35 >35 ; 0 - < 10 
pyrite (%) present study nothing < 1.0 > 1.0 
slope (%) [10] 0 - 2 2-5 >5 
elevation (m) [10] 
 
2.0 – 2.5 2.5-4 or 1- 2 >4 
distance to river (m) [10] 
 
0 - 1000 1000 – 2000 2000-3000 
distance to sea (km) [10] 
 
<1 1 - 2 >2 
distance to market(m) [10] 
 
< 2000 2000-4000 > 4000 
distance to hatchery(Km) [10] 
 
< 2000 2000-4000 > 4000 
DO (mg/l) [11] 
 
4 - 7 2.5 - 4 <2.5 
TABLE 1.  WEIGHTING and SCORING of LAND CHARACTERISTIC for SHRIMP POND 
 
 
1HS         :  level has a minimum limiting factor that will not affect productivity 
2S            :  level has a rather significant limiting factor for the sustainable use and affect productivity. Investment and effort required land  
                  improvements   
3NS        :  level has a severe limiting factor for sustainable use      
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Land  
Characteristics 
Highly Suitable Suitable Not Suitable 
(ha) (%) (ha) (%) (ha) (%) 
soil quality 
 
potential for pond 
construction 
 
water availability 
 
infrastructure and socio-
economic factors 
 
 
water quality 
 
overall  suitability 
 
0 
 
9083 
 
 
8525 
 
0 
 
 
 
10634 
 
1185 
0 
 
23 
 
 
22 
 
0 
 
 
 
27 
 
3 
10098 
 
30143 
 
 
28143 
 
0 
 
 
 
21769 
 
32137 
25.742 
 
76.845 
 
 
71.745 
 
0 
 
 
 
55.495 
 
81.926 
29128 
 
0 
 
 
2558 
 
39226 
 
 
 
6824 
 
5905 
74 
 
0 
 
 
6 
 
100 
 
  
 
17 
 
15 
 
 
 
        TABLE 2. AREAS (HA) and DIFFERENT SUITABILITY LEVELS (%) of LAND FOR SHRIMP FARMING in THE STUDY AREA (TOTAL LAND AREA IS 39226 HA). 
 
     Potential for pond construction                              Soil quality                                             Infrastructure and socio-economic              
                                                                                                                                                    factors 
              Water availability                                                  Water quality                                               Overall land suitability             
                                                                                                                                  
Fig. 1. Suitability maps of different land use requirements  and  overall potential land suitability for shrimp farming 
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From the analysis can be concluded that area of highly 
suitable for shrimp pond was 1,185 ha, suitable was 32,107 
ha, and not suitable was 5,905 ha of 39,226 ha total land area 
that was studied (Table.2). 
 
B. Discussion 
 
The main limiting factor of land suitability for shrimp pond 
in Mahakam Delta is soil quality. Most of the land area is not 
suitable (74 %). The characteristics of soil in the ex-Nypa area 
are acid sulphate soil indicated with low pH, high 
concentration of organic matters and pyrite [13]. Influence of 
low soil pH cause phosphorus do not available for the growth 
of natural food because absorbed by iron and aluminum. 
Increasing of pH can be done with remediation namely soil 
management, soil drying, soil flooding, flushing, and then 
liming. 
This study suggest that land should be divided into three 
different zones on the basis of suitability for shrimp pond, i.e. 
highly suitable, suitable and not suitable zones. The zoning 
approach can provide important information enabling 
potential development to indentify suitable zones that meet 
requirements ensuring maximum benefit for a long period. 
Zoning of land and water for shrimp farming development can 
help in the control of environmental deterioration at the 
shrimp farming level and in the avoidance of adverse social 
and environmental interactions.  
Shrimp farming activities exists in Mahakam Delta since 
1980, with type of the pond is traditional (no feed is put on the 
pond) on 4 – 7 ha area ( some are 10-30 ha). Based on 
interviews with farmers this time, productivity has declined 
dramatically from previously, 3 ha could produce 1 ton every 
one harvest now only capable of 50 - 100 kg, and the harvest 
only once or twice a year.  
There are many factors that result in decreased productivity. 
The main factors are (i) no best practice nor irrigation system 
(only 1 water gate for inlet, (ii) use of wide area and (iii) no 
management and maintenance during culture also (iv) the age 
of shrimp pond was very old, the age of the shrimp ponds 
between 15 - 25 years old, so the shrimp pond land is not 
feasible to place the shrimp farming results in a high content 
of pyrite and the outbreak of disease. However shrimp farmers 
in the Mahakam Delta earn additionally income from the 
natural shrimp that go into the pond at the time of tide. 
Production is between 120 kg - 1000 kg per hectare per year. 
 
IV. CONCLUSION 
From the results of the study, showed that the compliance of 
land for shrimp farming have declined due declining of soil 
quality of shrimp pond. The main  is an old age of the pond so 
that toxins accumulate in the soil. To overcome the problem 
required a comprehensive land management  and needed big 
funds. Farmers do not have enough money to fix their shrimp 
pond but they keep on trying even though production has 
declined because there is no other job alternatives. 
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